Air pollution is one of the important issues in developing countries, due to increased population and industrialization. In this research, the spatial distribution of ambient air concentration such as CO, NO 2 , SO 2 , PM 2.5 , PM 10 , O 3 and Air quality Index (AQI) in Tehran city in 2015 were evaluated using different deterministic ( inverse distance weighted, local polynomial, global polynomial, radial basis functions) and geostatistical (Kriging, Cokriging) methods. Materials and methods: Root Mean Square Error (RMSE) and Mean Error (ME) using cross-evaluation methods were used to control the accuracy of the interpolation. To find the secondary variables in the cokriging method, the Pearson coefficient of each pollutant was calculated with another pollutant. Results: The Kolmogorov-Smirnov test showed that all data followed normal distribution. Also the results indicated that in most cases, geostatistical methods were the best methods to estimate ambient air concentration. Finally, after selecting the best interpolation method, the zoning map of the pollutant was drawn with ArcGIS.
Introduction
Environmental pollution is one of the serious problems in industrialized and developing countries around the world [1] . Among various sources of environmental pollution, air pollution causes the greatest damage to health and loss of well-being from environmental factors in Asian countries [2] . The average person will receive typically around 15 kg / day of air through breathing compared with 2-2.5 kg of water and 1-1.5 kg of food which indicates the importance of healthy air in human life [3] . Air pollution is the presence of one or more air pollutants above the desirable level which reduces the quality of human health or welfare [4] . The World Health Organization (WHO) predicted that around 7 million people in 2012 died from air pollution exposure, which is about one-eigh th of the total deaths [5] . It is also estimated that air pollution in cities will become the leading cause of premature mortality worldwide by 2050 [6] . According to WHO guidelines, air pollution is one of the ten cases that cause major damage to humans [7] . The main contaminants that cause health hazards include particulate matter, ozone, nitrogen dioxide, and sulfur dioxide [8] . The main sources of air pollution in urban areas are vehicular emissions, which account for 90% of air pollution in cities [9] . The health effects of air pollution include: pulmonary disease, acute lower respiratory illness, cerebrovascular disease, coronary artery disease [10] , decline in sperm count and ejaculate volume [11, 12] , endothelial dysfunction, thrombosis, arrhythmia, blood pressure, metabolism disorders [13] , heart disease, lung cancer, acute respiratory infections in children, chronic bronchitis in adults, aggravating preexisting heart and lung disease, or asthmatic attacks [14] . Tehran is one of the most polluted cities in Iran, whose main reasons are the rapid population growth, industrialization, increase personal vehicle density, and limited public transportation options [15] 75 . percent of Tehran›s air pollution is due to vehicles [16] .Each year more than 40 % of the days are unhealthy and unhealthy for sensitive groups [17] . It is estimated that 27 people die every day due to air pollution in Tehran [16] . The economic burden of diseases due to air pollution in Iranian urban areas is more than 8 billion dollars a year [15] . The main sources of air pollution in Tehran are CO, SO 2 , HC, O 3 , NO X and PM [18] . One of the useful tools used and effective methods in air quality assessment is Geographic Information System (GIS) and interpolation techniques respectively [19] . Interpolation is a method or mathematical function that predicts an unknown quantity between two known quantities [20] . There are two main types of interpolation techniques: deterministic and geostatistical methods. Deterministic interpolation methods (inverse distance weighted, local polynomial, global polynomial, radial basis functions), based on the degree of similarity and degree of smoothing create the levels of measurement points and use mathematical functions for interpolation, but geostatistical interpolation (Kriging, cokriging) methods are based on both statistical and mathematical methods and are used for advanced modeling of prediction levels [21] . Many studies have been carried out on air quality assessment using interpolation methods. For example, a group of researchers compared three interpolation methods including Inverse Distance Weighting (IDW) method, Ordinary kriging (OK) method and Universal Kriging (UK) method for predicting air pollution conditions (PM 10 ) in the center of Thailand. According to the results of this study, the IDW method was the best interpolation method to predict the air pollution conditions [22] . Another group of researchers studied spatial variability of Suspended Particulate Matter (SPM), Sulphur Dioxide (SO 2 ) and Nitrogen Dioxide (NO 2 ), using kriging and IDW methods in Indian air. They found that IDW in all pollutants had a smaller error than Kriging and was the best interpolation method in Indian air quality [23] . Mexican researchers compares IDW, OK and nearest monitor interpolation methods for NO 2 , SO 2 , CO, O 3 , PM 10 and PM 2.5 in Mexico City air. They found that OK was the best method of interpolation compared to the other methods [24] . Iranian researchers studied spatial interpolation methods including IDW, Global Polynomial Interpolation (GPI), Local Polynomial Interpolation (LPI), Radial Basis Functions (RBF), Simple Kriging (SK), OK and Universal Kriging (UK) to evaluate the spatial distribution of AQI in the air of Tehran, Iran. According to their results, OK was the most accurate method for modeling AQI distribution because of its minimum RMSE [25] . The aim of this research is to compare various deterministic and geostatistical interpolation 
Materials and methods

Study area
Tehran, as the capital of Iran, the world's 19 th largest city with a population of more than 8.5 million in 2011 and total surface area of 730 km 2 is located 35° 34' to 35° 50''N and 51° 8› to 51° 37'E. Tehran has more than 17,000 industrial units (26 % of the total units in Iran) with more than 4 million people working in it. The annual mean daily temperature is 17 C although highest and lowest recorded temperature was 39 °C and −6 °C respectively. The annual mean precipitation is about 230 mm with the maximum in March (39 mm) and the minimum in September (1 mm). The average elevation is 1200 m above sea level [15, [25] [26] [27] [28] [29] .
Data collection
This study was conducted in 2015. 18 out of 21 monitoring stations with sufficient and valid data were evaluated. The stations belonged to the Air Quality Control Company (AQCC). The evaluated parameters were included CO, NO 2 , SO 2 , PM 2.5 , PM 10 , O 3 and AQI. All parameters were divided into 6 categories from 0 to 500 according to their breaking point (as AQI). The geographic location of this stations is shown in Fig. 1 . In the next step, the SPSS and the Kolmogorov-Smirnov test were used for statistical analysis of the data. Then for each air pollutant concentration, using deterministic (inverse distance weighted, local polynomial, global polynomial, radial basis functions) and geostatistical (Kriging and Cokriging) methods (according to the variability of powers and methods), overall with 71 methods, the RMSE value was obtained using cross-validation. Then, with the lowest RMSE value, the best interpolation method was selected and zoned by GIS9.3. 
Deterministic methods
Inverse Distance Weighting method (IDW)
The IDW model is one of the most common interpolating methods based on the hypothesis that the effect of a parameter on the surrounding points is not the same. As the distance from the origin increases, the effect and weight assigned to it will be reduced. In this method, unknown values are computed by a linear combination of values at known points .The usual expression of IDW is using Eq. (1) [30] :
Where Z j is estimated value for the unknown point at location j d ij is distance between known point i and unknown point j Z i is value at known point i n is user-defined exponent for weighting
Radial Basis Function method (RBF)
The radial base function method (known as splines) is one of the interpolation methods in which the level of observation passes through observational values. This method is an artificial neural network. Another feature of this method is that the values are greater than the maximum observed values or less than the minimum observed values at the estimation level. In the IDW method, the level of estimation will pass through the observation values, but never estimates more than the maximum and minimum of the minimum observational data. There are 5 types of RBF which include: Completely Regularized Spline (RBF-CRS), Spline With Tension (RBF-SWT), Thin Plate Spline (RBF-TPS), Multiquadric (RBF-M), Inverse Multiquadric (RBF-IM) [31] . 
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Global Polynomial Interpolation (GPI)
GPI uses a polynomial formula to fit a smooth surface to the input sample points. GPI interpolation is used to estimate the unknown points from the data of all measured points. The level changes in GPI are gradual and the effects of sudden changes in data are reduced. In fact, the GPI goal is to minimize errors [32] .
Local Polynomial Interpolation method (LPI)
This method, like the GPI, uses a polynomial function for interpolation, and the only difference is that a large number of polynomials are fitted on limited data in a given neighborhoods. In fact, in the LPI model, data from all points is not used to estimate the amount of unknown points [33] .
Geostatistical methods Kriging
Kriging is one of the most important tools in the geostatistical techniques. This method produces less bias in predictions, so that they are known as best linear unbiased estimator (BLUE). Similar to IDW, Kriging uses a linear combination of measured weight values to generate estimates for unknown points. However, the weights in kriging, not only depends on the distance between the predicted points and the measured points, but also on the spatial correlation (i.e., semi-variogram) of the measured points [34] . Cokriging Cokriging is developed form of kriging but there are secondary variables or covariates that can be used to improve the interpolation. In fact Cokriging can be effective for data with significant inter-variable correlation [35] .
Validation of interpolation method
The Cross-Validation technique has been used to compare the interpolation methods and select the most appropriate method. This method initially
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temporarily removes one observation from the data set, and then the value of the deleted data is estimated using any interpolation method. In the next step, the original value returns to its location, and this is done for all data in the same way. In this study, the Root Mean Squared Error (RMSE) was used to evaluate interpolation. If RMSE is equal, the Mean Error (ME) used for evaluation. Any method that has the smallest RMSE is known as the most appropriate interpolation method. The RMSE can be calculated using Eq. (2) [36] . (2) Where Z*(x i ) is observed value at point x i , Z*(x i ) is predicted value at point x i , N is number of samples.
Results and discussion
In order to investigate the spatial changes that were the main objectives of this research, a Normality Test was initially performed by SPSS using the Kolmogorov-Smirnov test. Because one of the important conditions in the statistical
Where Z*(x i ) is observed value at point x i , Z*(x i ) is predicted value at point x i , N is number of samples.
In order to investigate the spatial changes that were the main objectives of this research, a Normality Test was initially performed by SPSS using the Kolmogorov-Smirnov test. Because one of the important conditions in the statistical method is the normalization of the data. By analyzing the data, it was found that the air pollutant data was normal, so a change to normalize the data was not performed.
The annual air quality concentration (as AQI) obtained from average daily concentrations of pollutants is tabulated in Table 1 . In total, it can be said that each pollutant passed at least once a year from about 100 number.
After the analysis of normality, we obtained RMSE for each pollutant in each season according to deterministic and geostatistical methods (Tables 2 and 3 ).
As shown in Tables 2 and 3 , the value of RMSE is the same for some pollutants .In this case, other error estimation methods were used such as the Mean Error (ME). Finally, by checking RMSE and ME (the lower the better), the best interpolation method is obtained, which is shown in Table 4 .
In the Kriging method, a secondary variable is used to improve interpolation. Pearson coefficient was used to select the secondary variable. Each pollutant that had the highest Pearson coefficient with another pollutant was selected as a secondary variable, as shown in Table 5 .
method is the normalization of the data. By analyzing the data, it was found that the air pollutant data was normal, so a change to normalize the data was not performed.
The annual air quality concentration (as AQI) obtained from average daily concentrations of pollutants is tabulated in Table 1 . In total, it can be said that each pollutant passed at least once a year from about 100 number. After the analysis of normality, we obtained RMSE for each pollutant in each season according to deterministic and geostatistical methods (Tables 2 and 3 ). As shown in Tables 2 and 3 , the value of RMSE is the same for some pollutants .In this case, other error estimation methods were used such as the Mean Error (ME). Finally, by checking RMSE and ME (the lower the better), the best interpolation method is obtained, which is shown in Table  4 .
In the Kriging method, a secondary variable is used to improve interpolation. Pearson coefficient was used to select the secondary variable. Each pollutant that had the highest Pearson coefficient with another pollutant was selected as a secondary variable, as shown in Table 5 . Table 3 . Annual RMSE results of geostatistical methods interpolation assessment Table 4 . Best interpolation method for each pollutant by checking RMSE and ME [187] [188] [189] [190] [191] [192] [193] [194] [195] [196] [197] [198] After identifying the best interpolation method for each pollutant, the zoning map of each pollutant was made using Arc Gis9.3 (Fig. 2) . The best interpolation method for CO except for the autumn season has been the geostatistical method. The zoning map showed that in areas 10, 11 and 19, CO concentrations are higher than other points, which is probably due to high traffic loads. In the autumn and winter seasons, concentration of CO was slightly higher than the other seasons due to the opening of the schools and increased air inversion. Since 2011, changes in CO concentration have been decreased due to reducing carburetor vehicles, and improving fuel and vehicle quality. The best interpolation method for SO 2 was the geostatistical method. It is known that areas 10, 16 and 19 have a higher concentration, which is probably due to heavy vehicles. It should be noted that the concentration of SO 2 is lower than that of other pollutants due to lower sulfur content in gasoil [37] . The best interpolation method for NO 2 in the spring, autumn and annual was a deterministic method and for the summer and winter was a geostatistical method. The zoning map shows that in regions 2 and 11, concentrations of NO 2 are high and in the central regions is less. The best interpolation method for O 3 was the geostatistical method. The interpolation map showed that ozone concentrations were higher in the eastern border of the city due to the distance from the city and the intensity of more sunlight [37] . In central locations, ozone is used because of increased traffic load and presence to atmospheric reactions. In warm months, ozone concentrations are also higher compared to cold months due to higher radiation exposure. The best interpolation method for PM 10 and PM 2.5 was the geostatistical method. In area 13 and especially in area 9, PM 10 concentrations are higher than other areas. In the north and east areas, PM 2.5 concentrations are less than other parts. Also, in the summer, PM 2.5 concentration has increased compared to other seasons because of the dust phenomenon. In the spring, the concentration of PM 2.5 was low due to the new year holiday, reduced traffic and atmospheric conditions. In general, it can be said that the concentration of PM 2.5 is in a worse situation compared to other pollutants and is currently the most important pollutant in Tehran. The best interpolation method for AQI was the geostatistical method. It is observed that the AQI index is higher in winter than the other seasons due to inversion and atmospheric stability. In general, One-way ANOVA showed that the average of CO, NO 2 , SO 2 , PM 2.5 , PM 10 , O 3 and AQI (each separately) varies in different stations and seasons.
Conclusion
One of the important methods in the environmental assessment is the use of the GIS and geostatistical and deterministic interpolation methods.So the aim of this study was to determine the best interpolation for providing CO, NO 2 , SO 2 , PM 2.5 , PM 10 , O 3 and AQI maps in air of Tehran city. In order to compare the interpolation evaluation, RMSE and ME were used. The evaluation showed that the most important pollutant in Tehran is PM 2.5 . The results of71 methods showed that in most cases, the geostatistical method is better than the deterministic method. Also in most seasons, Cokriging and RBF were the best geostatistical and deterministic interpolation methods respectively. After selecting the best interpolation method, the air quality maps of the area were drawn with ArcGIS. 
